Background: The aim of the present prospective observational study was to assess the tolerability and antihyperglycemic efficacy of metformin extended-release (MXR) in the routine treatment of patients with type 2 diabetes mellitus (T2DM) from six Asian countries. Methods: Data from 3556 patients treated with once-daily MXR for 12 weeks, or until discontinuation, were analyzed. Results: Treatment with MXR was well tolerated, with 97.4% of patients completing 12 weeks of treatment. Only 3.3% of patients experienced one or more gastrointestinal (GI) side-effects and only 0.7% of patients discontinued for this reason (primary endpoint). The incidence of GI side-effects and related discontinuations appeared to be considerably lower during short-term MXR therapy than during previous treatment (mean 2.71 years' duration), most commonly with immediate-release metformin. A 12-week course of MXR therapy also reduced HbA1c and fasting glucose levels from baseline. Conclusions: The present study provides new insights into the incidence of GI side-effects with MXR in Asian patients with T2DM and on the tolerability of MXR in non-Caucasian populations. Specifically, these data indicate that once-daily MXR not only improves measures of glycemic control in Asian patients with T2DM, but also has a favorable GI tolerability profile that may help promote enhanced adherence to oral antidiabetic therapy.
Introduction
Implementing evidence-based measures to improve the prevention and management of type 2 diabetes mellitus (T2DM) is a paramount public health priority in Asia. 1 A shift towards energy-rich diets and sedentary ''obesogenic'' modern lifestyles, brought about by increasing affluence and rapid urbanization, and population aging are contributing to the escalating prevalence of T2DM in the Asia-Pacific region. [1] [2] [3] [4] World Health Organization (WHO) 5 figures project that the number of people with diabetes worldwide, 95% or more of whom have T2DM, will double by 2030 and that Asia-Pacific countries, which are home to more than half of the world's population, will bear the greatest burden. Furthermore, because Asians are predisposed to developing T2DM at a younger age than non-Asians, they suffer from complications for longer and die earlier. 1 Consequently, elevated rates of cardiovascular and cerebrovascular disease will incur substantial burdens of morbidity and mortality, healthcare costs, and lost income in the region. 1, 2, 5, 6 The WHO predicts that by 2015 deaths attributable to diabetes will increase by 39% and 51% in countries comprising the WHO South-East Asia 7 and Western Pacific regions, 8 respectively. Conventional metformin therapy with immediaterelease formulations has been a mainstay of T2DM therapy for more than 30 years. 9, 10 Immediate-release metformin (MIR) is most effective at an average dose of approximately 2000 mg ⁄ day, 11 and has pharmacokinetic characteristics that typically require this to be divided between two or three smaller doses. 12 Although this regimen is generally well tolerated, 20% or more of patients experience adverse gastrointestinal (GI) side-effects, most commonly diarrhea, nausea, and vomiting. 11, 13, 14 Although these GI side-effects often diminish over time and can be minimized by careful dose adjustment and taking metformin at mealtimes, 15, 16 they may impair compliance and cause approximately 5% of patients to discontinue therapy. 9, 17 The need to take several tablets each day has also been shown to negatively impact compliance with oral antidiabetic (OAD) therapy. [17] [18] [19] [20] [21] It is widely acknowledged that compliance to drug therapy is a crucial determinant of patient outcomes, and that drug regimens should be simplified as far as possible to support greater compliance. 9 Absorption of MIR occurs predominantly in the upper GI tract, 22 with peak serum concentrations achieved within 3 h. Although it remains unknown how metformin causes GI side-effects, 23 extendedrelease metformin (MXR) formulations that delay time to peak metformin plasma concentrations and smooth plasma metformin peak and trough levels may lead to improved tolerability compared with MIR. 24 An MXR formulation (Glucophage Ò XR; Merck Sante´, Lyon, France) has been developed and studies have been performed to test the hypothesis that this may improve GI tolerability and enable once-daily dosing. 10, 12 A two-phase hydrophilic polymer matrix is used in the MXR, comprising an outer layer that hydrates to form a gel when exposed to fluid in the GI tract and a particulate inner phase from which metformin elutes gradually by diffusion over the dosing interval. 12, 25 In contrast with MIR, which releases 90% of the drug within 30 min, MXR has longer gastric residence and is absorbed more slowly from the upper GI tract, with 90% release over 10 h, which delays the time to peak concentrations by approximately 4-7 h. 12, 13, 25 Taking MXR with the evening meal exploits naturally slower GI emptying post-prandially and at night to prolong absorption and permit once-daily dosing. 12, 26 Pharmacokinetic studies show that MXR once-daily has comparable overall bioavailability to an equivalent twicedaily dose of MIR, but that the steady-state 24-h plasma profile of the extended-release (XR) formulation has less pronounced peaks and troughs. 10, 12, 27, 28 Clinical studies in both predominantly Caucasian populations 25 and in Chinese patients with T2DM 29 have demonstrated that equivalent doses of MIR and MXR have similar antihyperglycemic efficacy. Further studies conducted in the US and UK have confirmed that among patients switched from MIR to comparable doses of MXR, the XR formulation has improved GI tolerability, with significantly fewer GI sideeffects; 24, 30 glycemic efficacy in these studies was either equivalent or improved. By allowing once-daily administration, MXR can also simplify OAD treatment 9 and has been demonstrated to significantly improve treatment adherence. 23, 30 However, this evidence and other data on MXR derive from predominantly Caucasian populations; given the magnitude of the T2DM epidemic in Asia, it is important that best clinical practices are based on robust data obtained from populations in which these practices will be applied.
There are few studies of MXR (which became available in the Asia-Pacific region in 2007) in Asian patients with T2DM, with the studies that have been performed generally small and providing sparse data on the incidence of GI side-effects. 4 Prospective pan-Asian observational data may provide valuable information regarding the experience of using MXR in T2DM management among this patient population, as well as insights into the use of MXR in routine clinical practice in Asian countries. To this end, the present study was designed to test the hypothesis that, by enabling a simplified, once-daily dosing schedule and reducing the incidence of GI side-effects, MXR therapy may contribute to improved management of Asian patients with T2DM. The main objectives of the present study were to assess the tolerability of MXR in the routine clinical treatment of Asian patients with T2DM and its effectiveness in maintaining glycemic control.
Methods

Study design and patients
The present prospective observational study was conducted from January to December 2008 at hospitals and ⁄ or clinics in Hong Kong, Indonesia, Malaysia, the Philippines, Singapore, and South Korea (see Appendix I). Each study center enrolled consecutive patients who had a diagnosis of T2DM and who were prescribed MXR (Glucophage Ò XR; Merck Sante´) therapy for T2DM. The study excluded patients who had been treated with MXR prior to the start date, those in whom MXR therapy was contraindicated by the local label, and those planning to continue therapy with another OAD during the study period. The study required no additional procedures, examinations, or other deviations from standard medical management, nor active involvement of the patients. The present study was approved by the institutional ethics committees of the respective country coordinating investigators.
Data collection
Baseline visit
Baseline data collected anonymously when each patient was first prescribed MXR included gender, weight, height, age, duration of diabetes, history of OAD therapy, medical history (including underlying GI disease, other concurrent illnesses, and side-effects of previous MIR therapy), HbA1c level, and fasting glucose (when available). In cases in which the HbA1c test was not performed at the baseline visit, the most recent HbA1c reading before starting MXR therapy was recorded as the baseline value.
Post-treatment visit Patients were followed-up for at least 12 weeks after commencing MXR therapy, or until treatment discontinuation if this occurred earlier than 12 weeks. In cases of premature discontinuation, the reason was recorded as inadequate glycemic control, patient request, GI side-effects, non-GI side-effects, or other.
Post-treatment data were collected at the clinic visit closest to the calculated Week 12 visit date or closest to when treatment was discontinued, if earlier, and included final MXR dosage, side-effects (if any) experienced during MXR therapy, HbA1c level, and fasting glucose (when available). In cases in which the HbA1c test was not performed at the post-treatment visit, the HbA1c reading taken closest to the calculated Week 12 visit date was recorded as the post-treatment value.
Patients who returned for the post-treatment visit were deemed to have completed the study; those who failed to return were recorded as ''lost to follow-up''.
Safety reporting
Safety reporting was performed as required by MXR post-marketing surveillance.
Study endpoints
The primary study endpoint was the proportion of patients discontinuing MXR treatment prematurely, defined as <12 weeks after starting, due to side-effects.
Secondary study endpoints were the proportion of patients remaining on MXR treatment for at least 12 weeks, the proportion of patients experiencing at least one GI side-effect, the incidence of side-effects, reasons for discontinuation, and changes in HbA1c levels from baseline after at least 12 weeks of MXR therapy.
Data management and statistical analyses
Baseline and post-treatment data were entered into a case report form (CRF) at the visit hospital ⁄ clinic. Completed CRFs were collected from participating sites for centralized data validation and entry. Patients who did not complete the study were not replaced. Patients were excluded from an analysis if the relevant data were missing, but not from other analyses for which data were available.
The sample size was calculated based on the primary endpoint. From previous data, 9 it was estimated that the proportion of patients who discontinue MXR treatment prematurely (i.e. <12 weeks) due to sideeffects is 2.5%-5.0%. Based on a total of 2500 patients, the corresponding two-sided 95% confidence intervals are 1.9-3.1 for an expected rate of 2.5%, and 4.1-5.9 for an expected rate of 5%.
Separate subgroup analyses of the endpoints were performed according to patients' study location and prior exposure to other OAD therapy.
The significance of differences between results was determined post hoc using appropriate standard statis-tical tests. Student's t-test was used for continuous variables and the Chi-squared test was used for categorical variables. Unless indicated otherwise, data are given as the mean ± SD.
Results
Patient disposition and demographics
Participating hospitals ⁄ clinics enrolled 3592 patients, with most (87.7%) from South Korea. Of these, 3556 (safety population) received MXR treatment; 25 patients withdrew and 11 had no data for study completion. Post-baseline HbA1c assessments were available for 3471 patients treated with MXR (the intentto-treat [ITT] population), of whom 23 withdrew and 22 had no data for study completion. A total of 3464 (97.4%) safety population patients completed 12 weeks of MXR treatment, 63 (1.8%) patients withdrew or dropped out during the study, and 29 had no data for study completion. Post-baseline HbA1c assessments were available for 3426 safety population patients who completed 12 weeks of treatment. There were no protocol violations.
The demographic characteristics of the ITT patient population are given in Table 1 . The median age of patients in the ITT population was 57 years, ranging from 12 years (Indonesia) to 95 years (South Korea). The Singapore patient cohort (n = 19) had the youngest mean age of 48.8 ± 19.8 years, where the Hong Kong cohort (n = 15) had the oldest at 60.9 ± 14.5 years. The male:female ratio of the ITT population was approximately 1:1; however, this varied between countries. The mean weight and height of the patients were similar between countries, at approximately 67 kg and 163 cm, respectively.
History of diabetes and concurrent illness
The mean duration of T2DM in the ITT population at study entry was 2.8 ± 3.4 years ( Table 2 ). The duration of T2DM differed between the six countries, with mean values lying between approximately 2 and 4 years in Indonesia, the Philippines, and South Korea, but at least two-to threefold longer, at approximately 7-8 years, in Hong Kong, Singapore, and Malaysia. Half (50.1%) of the ITT patient population had concurrent illnesses (Table 2) , most commonly hypertension (39.5%), dyslipidemia (18.2%), obesity (7.1%), and coronary artery disease (4.3%), as defined according to criteria used by the enrolling physician. Patients in the Indonesian cohort had a lower prevalence of hypertension (12.1%) relative to the other countries; patients in Hong Kong had a comparatively higher prevalence of hypertension (93.3%), coronary artery disease (40.0%), and a high prevalence of dyslipidemia (53.3%). The highest prevalence of obesity was seen in patients from Malaysia (29.2%), Hong Kong (26.7%), and the Philippines (21.4%).
Previous OAD therapy
Most ITT patients (70.6%) had not received OAD treatment previously (Table 2) ; however, this largely reflects the situation in South Korea (75.0% of patients had not had prior OAD treatment), which contributed the bulk of patients. In Indonesia and the Philippines, approximately half the patients had no prior OAD treatment, whereas in Hong Kong, Singapore, and Malaysia approximately 70% of patients had already been treated with OAD(s). Most patients who had received prior OAD therapy had been treated with MIR (772 ⁄ 977; 79.0%), for a mean treatment duration of 2.7 ± 2.8 years. Fewer than half of those with prior OAD therapy (438 ⁄ 977; 44.8%) had been treated with agents other than metformin.
Treatment
The starting MXR dose in most safety population patients was either 250-500 mg ⁄ day (47.6% of patients) or 750-1000 mg ⁄ day (44.2% of patients); only 8.2% of patients (291 ⁄ 3556) received doses of 1250 mg ⁄ day or greater. Of the 3464 safety population patients who completed 12 weeks of MXR treatment, 368 (10.6%) had the dose changed or adjusted during the study. The dose was also changed or adjusted in 25.4% of patients (16 ⁄ 63) who either withdrew or dropped out before completing the 12-week treatment period. At study end, 41.6% of patients were on an MXR dose of 250-500 mg ⁄ day, 45.5% were on a dose of 750-1000 mg ⁄ day, and 12.9% were on a dose of 1250 mg ⁄ day or greater, indicating a slight shift towards higher doses during the 12-week study. Overall, mean dose exposure of the safety population was 840.4 ± 347.2 mg ⁄ day, for a mean duration of 98.3 ± 20.9 days, totaling a mean dose exposure of 82 429.4 ± 38 189.1 mg.
Side-effects and discontinuations during MXR therapy
Few of the 3556 patients with T2DM treated with MXR or the 3464 (97.4%) patients who completed 12 weeks' treatment experienced side-effects. Only 128 (3.6%) patients experienced side-effects during the study (Table 3) , which predominantly affected GI function (118 ⁄ 128; 3.3%). The most common sideeffects were diarrhea (1.0%), dyspepsia (0.7%), nausea (0.6%), and flatulence (0.5%). Side-effects were the cause of 24 (0.7%) premature treatment discontinuations (primary endpoint), 17 due to GI side-effects and seven due to non-GI side-effects (Table 3) . Inadequate glycemic control caused discontinuation in only three (0.1%) instances.
Patients who had already been treated with OAD(s) before receiving MXR in the present study experienced significantly more GI side-effects (5.7% vs 2.3%; P < 0.0001) and non-GI side-effects (0.7% vs 0.1%; P = 0.0046) than those without prior exposure to OADs (Table 4) . These GI and non-GI side-effects caused a significantly higher proportion of patients already exposed to OADs to withdraw or drop out prematurely compared with those who had no previous exposure (1.6% vs 0.2%; P < 0.0001).
Changes from baseline in HbA1c and fasting glucose
Treatment with MXR improved measures of glycemic control in the present study. The mean change in HbA1c among patients treated with MXR for whom post-baseline HbA1c assessments were available (ITT population) was )0.8 ± 0.9% from a mean baseline value of 8.0 ± 1.4% (Table 5 ). The mean change in fasting glucose in the ITT population was )1.5 ± 2.0 mmol ⁄ L from a mean baseline value of 8.6 ± 2.2 mmol ⁄ L.
Patients with no previous exposure to OAD(s) had higher baseline HbA1c (8.2 ± 1.3% vs 7.7 ± 1.3%) and fasting blood glucose (8.7 ± 1.9 vs 8.4 ± 2.7 mmol ⁄ L) than those with prior exposure to OADs ( Table 5 ). The mean improvement in glycemic control following MXR treatment was significantly greater among patients without previous exposure to OAD therapy than in those with previous exposure: )0.9 ± 0.9% vs )0.6 ± 0.90%, respectively, for HbA1c (P < 0.0001); )1.6 ± 1.7 vs )1.3 ± 2.4 mmol ⁄ L, respectively, for fasting glucose (P < 0.0020).
Discussion
The present study provides valuable benchmark data on the incidence of OAD-related side-effects and their impact on treatment discontinuation in Asian populations.
The data from the present study demonstrate that therapy with once-daily MXR has a favorable safety profile in a population of Asian patients with T2DM, predominantly from South Korea. There appeared to be a reduced incidence of GI side-effects and a lower rate of side-effect-related discontinuations with MXR compared with prior OAD treatment, most commonly MIR, although it must be noted that the treatment periods were not comparable in terms of duration (12 weeks vs an average of 2.7 years). More than 97% of patients successfully maintained MXR therapy for at least 12 weeks, with fewer than 1% of patients Final MIR dose before discontinuation (mg ⁄ day) n (missing) 10 (5) 41 (75) 100 (30) 29 (74) 15 (4) 586 (2502) discontinuing prematurely due to side-effects. Patients receiving MXR therapy also had improved measures of glycemic control at study end.
In considering these findings, we acknowledge certain limitations. First, interpretations of the present observational study are subject to the same constraints that apply to any other; in particular, MXR and MIR were not compared head-to-head in a randomized blinded design. It must also be acknowledged that the study duration of only 12 weeks limits the conclusions that can be drawn about tolerability. In addition, the sample size, although fairly large overall, had a high proportion of patients enrolled from South Korea, with much smaller cohorts from the other five countries. For this reason, caution should be exercised in extrapolating the findings Asia wide.
Nevertheless, it is generally acknowledged that observational studies can complement randomized controlled trials by providing a gauge of real-life effectiveness. Although these data may not fully reflect the situation in each country, they do represent a wide cross-section of Asian patients with T2DM receiving routine care in daily practice, and therefore provide valuable insights into the use of MXR for the management of T2DM in Asia. Despite considerable differences between the degree of economic development in the participating countries and the diversity of healthcare systems, consistent similarities in the responses to MXR therapy support the validity of the observations. However, variations between countries may highlight important issues relating to the practicalities of T2DM management.
The comparatively small numbers of patients with T2DM enrolled by sites other than South Korea make it impossible to determine the extent to which demographic differences (e.g. male:female ratios) between T2DM patients from the different countries have a genuine epidemiologic basis, or were simply due to chance. However, the longer duration of T2DM and higher proportion of patients already receiving OADs among study subjects in Singapore, Hong Kong, and Malaysia suggest that these sites treat a higher proportion of patients with wellestablished T2DM compared with Indonesia, the Philippines, and South Korea. This may also explain the relatively high incidence of concurrent illness seen in Malaysia and, in particular, the Hong Kong patient cohort. Importantly, the varying demographic characteristics of patients enrolled in the present study indicate that our overall findings on tolerability and efficacy of MXR therapy reflect a broad T2DM patient population typical of that seen in clinical practice. Data on the incidence of GI side-effects of metformin in patients with T2DM from countries in the Asia-Pacific region are sparce. 1 Previous studies have reported GI side-effect rates of 19% in Japanese patients taking 500-750 mg metformin ⁄ day and in 12% of Pakistani patients at a mean daily dose of 1333 mg metformin. 31, 32 Our study adds valuable new data on the incidence of GI side-effects with MIR and MXR therapy in six Asian populations, as well as on tolerability and treatment discontinuation of MXR in non-Caucasian patients with T2DM. As in Western populations, the side-effects of metformin were predominantly GI in nature, with diarrhea and nausea reported most commonly. Rates of GI side-effects during MIR therapy among patients enrolled in the present study ranged between 14.3% and 59.6% (median 30.0%), similar to, if not higher than, the range of approximately 20%-40% reported in studies of Western subjects. 11, 17, 30 Rates of MIR discontinuation due to GI side-effects were lower overall (median 5.6%), again in line with published studies, but varied between countries. The high discontinuation rate in the South Korean cohort of 33.4%, compared with a figure of approximately 5% commonly cited for predominantly Caucasian populations, may reflect the fact that patients were targeted for recruitment to the present study of MXR because they had already shown susceptibility to MIR side-effects.
Similar to studies published previously, 10, [23] [24] [25] 29, 30 MXR appeared to be better tolerated than MIR and other OAD therapies by Asian patients with T2DM in the present study; in particular, a considerably higher proportion of patients experienced GI side-effects The higher incidence in the present study of GI side-effects among patients treated previously with OADs likely reflects recruitment of patients who were switched to MXR because of GI sensitivity to MIR; yet even among this group, discontinuations were rare (1%). The overall completion rate of 97.4% indicates that, as in Western studies, improved GI tolerability was reflected in high rates of adherence to MXR therapy in Asian patients with T2DM.
By the end of the study, most patients in these Asian countries were receiving either 250-500 mg (45.5%) or 750-1000 mg (41.6%) of MXR once-daily, the shift towards higher doses reflecting dose titration during the 12-week study. With a total mean dose exposure of 82 429.4 mg, these safety and tolerability findings serve as a valuable addition to the body of data on the safety of MXR in Asian patients.
Numerous clinical trials conducted in Asian countries have confirmed that the antihyperglycemic efficacy and cardiovascular benefits of metformin firmly established in predominantly Caucasian populations are also observed in Asian patients with T2DM. [32] [33] [34] [35] [36] Consistent with previous studies indicating that glycemic control with MXR is equivalent to MIR, 23, 25 improved GI tolerability of MXR in the present study was achieved without compromising glycemic efficacy.
In fact, mean levels of both HbA1c and fasting blood glucose fell from baseline in all country cohorts (except fasting glucose in Singapore), irrespective of whether patients had received prior OAD therapy. The greater decline among patients who were OAD naı¨ve from an initially higher baseline is not surprising because the greatest benefits of antidiabetic therapy are generally achieved during initial treatment immediately following diagnosis. Given the well-known importance of tight glycemic control in reducing long-term risk of diabetes complications, 37 it is particularly encouraging that Asian patients already taking MIR and other OADs who were switched to MXR appeared to derive additional benefit.
Conclusions
International guidelines for the pharmacotherapy of T2DM are based largely on evidence that derives from studies of predominantly Caucasian populations. Given the growing burden of T2DM in the AsiaPacific region, it is important to verify that best clinical practice in the region is attuned to documented characteristics and responses of patient populations in these countries.
The present observational study of MXR therapy in Asian, predominantly South Korean, patients with T2DM provides important data and valuable insights into the efficacy, safety, and tolerability of MXR therapy in routine clinical practice. In particular, we confirm in a short-term study that in Asian, as well as Caucasian, populations, MXR taken once-daily has improved GI tolerability compared with MIR and other OADs taken over the long term, resulting in fewer GI side-effects and treatment discontinuations. Furthermore, MXR also affords effective glycemic control in both OAD-naı¨ve patients with T2DM and in those switching from prior OAD therapy. Based on these results, it is hoped that MXR may help promote adherence to OAD therapy, resulting in improved clinical outcomes.
